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Abstract: Using a high peak power, narrow linewidth pulsed source coupled with a low loss
interferometric fibre optic filtering system, an accurate method of resolving the Brillouin
intensity and frequency shift variations in optical fibres for simultaneous distributed strain and
temperature sensing is demonstrated for a range of 15km.
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OCIS codes: (060.2370) Fiber optic sensors; (290.5830) Scattering, Brillouin
The ability to perform long-range distributed strain and temperature measurements with a high spatial resolution
has many applications including power utilities, oil industries and structural monitoring. We present results
using a novel signal detection technique for resolving independent strain and temperature measurements by
obtaining both the spontaneous Brillouin backscattered intensity and frequency shift at every point along the
sensing fibre.
Fig. 1 illustrates the experimental setup for the source, sensing fibres under test and in-fibre optical filtering
system. To generate the required high peak power, narrow linewidth source, a CW distributed feedback (DFB)
laser with an output power of 2.5mW and spectral linewidth <100MHz was modulated, amplified and gated as
shown in Fig. 1. The sensing fibre consisted of 15km of conventional single mode silica fibre, and different
sections of the fibre were subjected to various conditions as illustrated in Fig. 1.
Fig. 1. Experimental setup for the single-ended source for simultaneously measuring both temperature
and strain variations by measuring the Brillouin intensity and frequency shift2
In order for the Brillouin signal to be interrogated it has to be filtered from the Rayleigh signal. Previously,
Fabry-Perot interferometers used to separate the Rayleigh and Brillouin signals have severely attenuated the
weak backscattered signals [1,2]. Using a fibre Mach-Zehnder interferometer provides comparable rejection
(>27dB) of the Rayleigh from the Brillouin but with a lower insertion loss (<1dB), reduced size and weight. The
low insertion loss is crucial to achieve adequate signal to noise, and has resulted in a major advance in
measurement accuracy over previously reported results. In this experiment, two in-fibre Mach-Zehnder
interferometers were constructed and linked in series. Both the Mach-Zehnders were constructed from two 3dB
couplers. The first interferometer separates the Brillouin from the Rayleigh, the second allows the frequency
shift to be determined. The first Mach-Zehnder (MZ1) was used in a double-pass configuration [3]. The two
arms had a path imbalance corresponding to a free spectral range (FSR) of approximately 22GHz. This provided
maximum rejection of the Rayleigh signal from the Brillouin. The output of this double-pass configured Mach-
Zehnder was connected to the second Mach-Zehnder (MZ2) which was in a single-pass configuration and had a
path imbalance of 28.6mm (FSR = 7GHz). When the Rayleigh signal lies at a minimum of the transfer function,
the Brillouin signals corresponding to zero strain lie at approximately 80% of the transfer function maximum. It
is possible to tune the Mach-Zehnder such that the laser signal (and hence the Rayleigh) lies at the maximum or
minimum of the transfer function and the outputs are shown in Fig. 2(a) and 2(b) respectively. The Brillouin
backscattered signals for the condition of maximum and minimum throughput at the signal wavelength are
summed thus obtaining a Brillouin backscattered intensity measurement independent of frequency shift, shown
in Fig. 2(c). The measurement obtained when the Rayleigh lies at a minimum of the transfer function provides
information of both changes in Brillouin intensity and frequency shift. Using these two measurements, the
Brillouin frequency shift and intensity variations can be computed, which allows the evaluation of strain and
temperature profiles along the fibre and are shown in Fig. 3. The temperature resolution and strain resolutions
were estimated to be 4°C and 290µε  with a 10m spatial resolution over a range of 15km.
Fig. 2. Brillouin backscattered signal from the single-
pass Mach-Zehnder when the Rayleigh signal has been
tuned to (a) maximum and (b) minimum of transfer
function, (c) the sum of (a) and (b)
Fig. 3. Resolved strain and temperature profiles along the
sensing fibre
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